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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The invention relates to an internal combustion 
engine having solenoid-operated valves, and in partic- 
ular to such an engine having solenoid-operated valves, 
which is operable in a partial operating mode with at 
least one of the cylinders being deactivated by inhibiting 
combustion therein under cylinder deactivation control. 
The invention also relates to a control method for con- 
trolling such an internal combustion engine. 

2. Description of Related Art 

[0002] Document GB 21 1 9853 discloses the features 
of the preamble of claim 1 and method claim 6. 
[0003] Internal combustion engines capable of per- 
forming cylinder deactivation control under which a se- 
lected one or more of cylinders Is/are deactivated or dis- 
abled are known in the art, and one example of such 
engines is disclosed in Japanese Patent Laid-Open 
Publication No. 7-279697. In this type of engine, fuel in- 
jection and ignition are stopped with respect to one or 
more cylinders selected from a plurality of cylinders of 
the engine, and cylinder deactivation control is per- 
formed by keeping an intake valve and an exhaust valve 
in their closed positions. Here, "deactivating a cylinder" 
means inhibiting any of suction of an air/fuel mixture, 
combustion, and exhaust of combustion gas, while al- 
lowing reciprocating motion of the piston. In the follow- 
ing description, cylinders that are deactivated or disa- 
bled under cylinder deactivation control will be called 
"inactive cylinders" or "deactivated cylinders" when ap- 
propriate, and cylinders in which combustion takes 
place even when the engine is in a partial operating 
mode are called "active cylinders" or "activated cylin- 
ders." With the cylinder deactivation control performed, 
the fuel injection is inhibited in the inactive cylinders, and 
pumping loss can be reduced, with a result of improved 
fuel efficiency. 

[0004] To perform cylinder deactivation control, only 
a particular cylinder or cylinders may be deactivated or 
disabled, or the cylinders of the engine may be succes- 
sively deactivated in a certain order. 
[0005] In the case where particular cylinders are se- 
lected as inactive cylinders, gas contained in the com- 
bustion chamber of each inactive cylinder slowly leaks 
into the crankcase through a sliding surface of the pis- 
ton, and the pressure within the inactive cylinder be- 
comes lower than the pressure of active cylinders. Con- 
sequently, torque variations arise from a difference be- 
tween the pressure within the active cylinders and the 
pressure within the inactive cylinders, resulting in in- 
creased vibration of the engine. 
[0006] Where the cylinders of the engine are succes- 



sively deactivated in a certain order, there arises almost 
no reduction in the pressure within the currently deacti- 
vated cylinder due to the gas leakage as described 
above. When the piston of the inactive cylinder reaches 

5 the top dead center, therefore, burnt gas contained in 
the combustion chamber is compressed so that the 
pressure within the inactive cylinder increases to sub- 
stantially the same level as that achieved upon combus- 
tion. Here, the sum of the cylinder pressures in the en- 

10 gjne as a whole differs depending upon whether or not 
the timing of an increase in the pressure within the in- 
active cylinder coincides with the timing of an increase 
in the cylinder pressure due to combustion in an active 
cylinder. Accordingly, even if the cylinders are succes- 

15 slvely deactivated one after another, the engine still suf- 
fers from increased vibration due to variations in the out- 
put torque of the engine. 

SUMMARY OF THE INVENTION 

20 

[0007] It is therefore an aspect of the invention to con- 
trol an increase in vibration of the internal combustion 
engine caused by execution of cylinder deactivation 
control. 

25 [0008] To control an increase in vibration of the en- 
gine, the invention provides an internal combustion en- 
gine having solenoid-operated valves, which engine in- 
cludes a plurality of cylinders and a controller according 
to the features of claim 1 . The controller causes at least 

30 one of the plurality of cylinders to operate in a cylinder 
deactivation mode in which the intake stroke, combus- 
tion stroke and exhaust stroke are inhibited, and con- 
trols the pressure within each inactive cylinder that op- 
erates in the cylinder deactivation mode. 

35 [0009] With the internal combustion engine construct- 
ed as described above or a control method according to 
claim 6 , it is possible to suppress vibration of the engine 
due to variations in the cylinder pressures. 
[0010] Although this summary does not describe all 

^0 the features of the present invention, it should be under- 
stood that any combination of the features stated in the 
dependent claims is within the scope of the present in- 
vention. 



[0011] The foregoing and further aspects, features 
and advantages of the invention will become apparent 
from the following description of preferred embodiments 
50 with reference to the accompanying drawings, wherein: 

Fig. 1 is a view showing the construction of an in- 
ternal combustion engine that employs a controller 
of solenoid-operated valves as one embodiment of 
55 the invention; 

Fig. 2 is a cross-sectional view showing the whole 
construction of a solenoid-operated valve provided 
in the engine; 



55 
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Fig. 3 is a graphical representation showing open 
and closed states of an exhaust valve of cylinder #4 
when the engine is in a full operating mode with all 
of the cylinders activated, changes in the pressures 
within cylinders #3 and #4 with time, and vibration 5 
waveform of the engine; 

Fig. 4 is a graphical representation showing open 
and closed states of an exhaust valve of cylinder #4 
when the engine is in a partial operating mode with 
part of the cylinders deactivated, changes in the 10 
pressures within cylinders #3 and #4 with time, and 
vibration waveform of the engine; 
Fig. 5 is a time chart showing the opening and clos- 
ing actions of the intake valve and exhaust valve of 
each cylinder when the engine starts operating In a « 
partial operating mode with part of the cylinders de- 
activated, from a full operating mode with all of the 
cylinders activated; 

Fig. 6 is a graphical representation showing open 
and closed states of an exhaust valve of cylinder #4 20 
when the engine is in a partial operating mode with 
part of the cylinders deactivated according to the 
invention, changes in the pressures within cylinders 
#3 and #4 with time, and vibration waveform of the 
engine; 25 
Fig. 7 is a flowchart of a control routine to be exe- 
cuted by an ECU for performing cylinder deactiva- 
tion control in the first embodiment; 
Fig. 8 is a time chart showing opening and closing 
actions of an intake valve and an exhaust vaive of 30 
each cylinder when the engine starts operating in a 
partial operating mode with part of the cylinders de- 
activated, from a full operating mode with all of the 
cylinders activated; 

Fig. 9 is a time chart showing opening and closing 35 
actions of an intake valve and an exhaust valve of 
each cylinder when the engine operates on a con- 
ventional six-stroke cycle with the cylinders succes- 
sively deactivated; 

Fig. 1 0A is a graphical representation showing 40 
changes in the pressure within each cylinder with 
time in the engine that operates on a six-stroke cy- 
cle under conventional cylinder deactivation con- 
trol; 

Fig. 10B is a graphical representation showing 45 
changes in the composite cylinder pressure with 
time in the engine that operates on a six-stroke cy- 
cle under conventional cylinder deactivation con- 
trol; 

Fig. 1 1 is a time chart showing the opening and clos- so 
ing actions of an intake valve and an exhaust valve 
of each cylinder when the engine operates on a six- 
stroke cycle under cylinder deactivation control ac- 
cording to the Invention; 

Fig. 12A is a graphical representation showing 55 
changes in the pressure within each cylinder with 
time in the engine that operates on a six-stroke cy- 
cle under cylinder deactivation control of the inven- 



tion; and 

Fig. 12B is a graphical representation showing 
changes in the composite cylinder pressure with 
time in the engine that operates on a six-stroke cy- 
cle under cylinder deactivation control of the inven- 
tion. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0012] Preferred embodiments of the invention will be 
described with reference to the drawings. 
[0013] Fig. 1 shows the construction of an internal 
combustion engine of the first embodiment of the inven- 
tion. While the internal combustion engine takes the 
form of a four-cylinder engine having four cylinders, only 
one cylinder 14 is illustrated in Fig. 1 for the purpose of 
further explanation. The engine is controlled by an elec- 
tronic control unit (hereinafter abbreviated to "ECU") 10. 
The cylinder 14 and water jacket 1 6 are formed within 
a cylinder block 12. A piston 18 is located in the inner 
bore of the cylinder 1 4 such that the piston 1 8 is slidable 
along the side wall of the cylinder 14 in the vertical di- 
rection as viewed in Fig. 1 . A cylinder head 20 is fixed 
in position on the cylinder block 12. For each cylinder, 
an intake port 22 and an exhaust port 24 are formed in 
the cylinder head 20. 

[0014] A combustion chamber 26 of the engine is de- 
fined by the bottom face of the cylinder head 20, the top 
face of the piston 1 8, and the side wall of the cylinder 
1 4. The intake port 22 and exhaust port 24 are both open 
to the combustion chamber 26. Valve seats 28, 30 are 
formed at an opening end portion of the intake port 22 
which faces the combustion chamber 26, and an open- 
ing end portion of the exhaust port 24 which faces the 
combustion chamber 26. Also, a distal end portion of a 
spark plug 32 is exposed to the combustion chamber 26. 
[0015] Solenoid-operated valves 38, 40 are incorpo- 
rated in the cylinder head 20. The solenoid-operated 
valve 38 includes an intake valve 42. The intake valve 
42 may be seated against the valve seat 28, thereby to 
block off the intake port 22 from the combustion cham- 
ber 26. When the intake valve 42 is separated or lifted 
away from the valve seat 28, the intake port 22 and the 
combustion chamber 26 are brought into communica- 
tion with each other. Similarly, the exhaust valve 44 
mounted in the solenoid-operated valve 40 may be seat- 
ed against the valve seat 30, thereby to block off the 
exhaust port 24 from the combustion chamber 26. When 
the exhaust valve 44 is separated or lifted away from 
the valve seat 30, the exhaust port 24 and the comb us-, 
tion chamber 26 are brought into communication with 
each other. 

[0016] The construction and operation of the sole- 
noid-operated valves 38 and 40 will be now described. 
Fig. 2 is a cross -sectional view showing the whole con- 
struction of the solenoid-operated valve 40. The con- 
struction of the solenoid-operated valve 38 is similar to 
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that of the solenoid-operated valve 40, and therefore no 
description of the valve 38 will be provided herein. 
[0017] As shown in Fig. 2, the exhaust vatve 44 in- 
cludes a valve shaft 45 that extends upwards. The valve 
shaft 45 is supported by a valve guide 46 that is fixed 
within the cylinder head 20 such that the valve shaft 45 
is movable in the axial direction. An armature shaft 48 
in the form of a rod-like member made of a non-magnetic 
material is provided on the valve shaft 45, such that the 
lower end face of the armature shaft 48 abuts on the 
upper end face of the valve shaft 45. 
[0018] A lower retainer 50 is fixed to the upper end 
portion of the valve shaft 45. A lower spring 52 is mount- 
ed on the lower portion of the lower retainer 50. The low- 
er end of the lower spring 52 abuts on the cylinder head 
20. The lower spring 52 serves to bias the lower retainer 
50 and the armature shaft 48 upwards as viewed in Fig. 
2. 

[0019] An upper retainer 54 is fixed to the upper end 
portion of the armature shaft 48. An upper spring 56 is 
located such that its lower end portion abuts on the up- 
per portion of the upper retainer 54. A cylindrical upper 
cap 57 is disposed around the upper spring 56 so as to 
surround its outer periphery. The upper end portion of 
the upper spring 56 abuts on an adjuster bolt 58 that is 
screwed on the upper cap 57. The upper spring 56 
serves to bias the upper retainer 54 and the armature 
shaft 48 downwards as viewed in Fig. 2. 
[0020] An armature 60 in the form of an annular mem- 
ber made of a soft, magnetic material is joined to the 
outer periphery of the armature shaft 48. An upper coil 
62 and an upper core 64 are disposed above the arma- 
ture 60. Also, a lower coil 66 and a lower core 68, both 
of which are formed of a magnetic material, are dis- 
posed below the armature 60. The armature shaft 48 is 
slidably supported by central portions of the upper core 
64 and lower core 68. The upper coil 62 and tower coil 
66 are connected to the ECU 10. Under control of the 
ECU 1 0, certain exciting current is supplied to the upper 
coil 62 and lower coil 66. 

[0021] The upper core 64 and the lower core 68 are 
supported by an outer sleeve 74 such that the cores 64, 
68 are spaced at a predetermined distance from each 
other. The upper cap 57 is fixed to the upper end face 
of the upper core 64. Also, the position of the adjuster 
bolt 58 is adjusted so that the armature 60 is located 
intermediate between the upper core 64 and the lower 
core 68 when it is in the neutral position. 
[0022] Next, the operation of the solenoid-operated 
valve 40 will be described. 

[0023] In the solenoid-operated vatve 40, the exhaust 
valve 44 is seated against the valve seat 28 when the 
armature 60 abuts on the upper core 64. This state is 
maintained with certain exciting current being supplied 
to the upper coil 62. In the following description, the po- 
sition at which the exhaust valve 44 is seated against 
the valve seat 30 will be called "fully dosed position" of 
the exhaust valve 44. 



[0024] If exciting current supplied to the upper coil 62 
is cut off while the exhaust valve 44 is being kept in the 
fully closed position, electromagnetic force that has act- 
ed on the armature 60 disappears. As a result, the ar- 
5 mature 60 displaces or moves downwards in Fig. 2 un- 
der the biasing force of the upper spring 56. If suitable 
exciting current is supplied to the lower coil 66 at a point 
of time when the amount of displacement of the arma- 
ture 60 reaches a predetermined value, a force is then 
generated to pull or attract the armature 60 toward the 
lower core 68. As a result, the armature 60 moves down- 
wards in Fig. 2 along with the exhaust valve 44, against 
the biasing force of the lower spring 52. The exhaust 
valve 44 continues to be moved until the armature 60 
abuts on the lower core 68. In the following description, 
the position of the exhaust valve 44 at which the arma- 
ture 60 abuts on the lower core 68 will be called 'fully 
open position". This state is maintained with certain ex- 
citing current being supplied to the lower coil 66. 
[0025] If exciting current supplied to the lower coil 66 
is cut off while the exhaust valve 44 is being kept in the 
fully open position, electromagnetic force that has acted 
upon the armature 60 disappears. If the electromagnetic 
force that has acted upon the armature 60 disappears, 
the armature 60 displaces or moves upwards in Fig. 2 
under the biasing force of the lower spring 52. If suitable 
exciting current is supplied to the upper coil 62 at a point 
of time when the amount of displacement of the arma- 
ture 60 reaches a predetermined value, a force to pull 
or attract the armature 60 toward the upper core 64 is 
then generated, namely, a force to move the exhaust 
valve 44 upwards in Fig. 2 is generated. 
[0026] If the above-described force acts upon the ar- 
mature 60, the armature 60 is caused to displace or 
move upwards in Fig. 2 along with the exhaust valve 44, 
against the biasing force of the upper spring 56. The ex- 
haust valve 44 continues to be moved until the armature 
60 abuts on the upper core 64, namely, until the exhaust 
valve 44 reaches the fully closed position. 
[0027] As described above, the exhaust valve 44 can 
be brought into the fully closed position by supplying 
suitable exciting current to the upper coil 62, and can be 
also brought into the fully open position by supplying 
suitable exciting current to the lower coil 66. Thus, the 
solenoid-operated valve 40 makes it possible to repeat- 
edly reciprocate the exhaust valve 44 between the fully 
open position and the fully closed position, by alternately 
supplying exciting current to the upper coil 62 and the 
lower coil 66. 

[0028] The solenoid-operated valve 38 including the 
intake valve 42 operates in a similar manner to the so- 
lenoid-operated valve 40 as described above. In the first 
embodiment, the ECU 10 causes exciting current to be 
supplied alternately to the upper coil 62 and lower coil 
66 of the respective solenoid-operated valves 38, 40 at 
a suitable timing, thereby to open and close the intake 
valve 42 and the exhaust valve 44 at a desired timing. 
[0029] Referring back to Fig. 1 , the internal combus- 
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tion engine includes an intake manifold 80. The intake 
manifold 80 includes a plurality of branch pipes each of 
which communicates a surge tank 82 with a correspond- 
ing intake port 22. A fuel injection valve 83 is mounted 
in each of the branch pipes. The fuel injection valve 83 
operates to inject fuel into the branch pipe in response 
to a command signal from the ECU 10. 
[0030] An intake pipe 84 provided with a throttle valve 
86 is connected to the upstream end of the surge tank 
82 for communication therewith. An air flow meter 87 is 
provided in a portion of the intake pipe 84 that is located 
upstream of the throttle valve 86. The air flow meter 87 
generates to the ECU 10 a signal representing the flow 
rate (which will be called "specific volume of intake air") 
of the air introduced by suction into the intake pipe 84. 
The ECU 10 then determines the specific volume of In- 
take air based on the output signal of the air flow meter 
87. An air cleaner 88 is connected to an upstream-side 
end portion of the intake pipe 84. Thus, ambient air that 
has passed through the air cleaner 88 flows into the in- 
take pipe 84. In the meantime, an exhaust passage 90 
communicates with the exhaust port 24 of the engine. 
[0031 ] The engine is also provided with a crank angle 
sensor 94. The ECU 10 receives an output signal from 
the crank angle sensor 94, and determines a crank an- 
gle CA on the basis of the output signal from the crank 
angle sensor 94. 

[0032] The internal combustion engine of the first em-, 
bodiment is operable in a partial operating mode in 
which fuel injection and ignition are inhibited in a select- 
ed one or more cylinders, out of the four cylinders of the 
engine, so that the selected cylinders are deactivated 
or disabled (cylinder deactivation control). Under the 
cylinder deactivation control, fuel injection is stopped in 
the deactivated or inactive cylinders, and pumping loss 
is reduced, thus assuring improved fuel efficiency. For 
example, cylinder #1 and cylinder #4 are predetermined 
or pre-selected as such cylinders that are to be deacti- 
vated under cylinder deactivation control. 
[0033] Under conventional cylinder deactivation con- 
trol, the intake valve 42 and exhaust valve 44 of each 
inactive cylinder are kept closed. Where a particular cyl- 
inder is predetermined or pre-selected as an inactive 
cylinder, and the intake valve 42 and exhaust valve 44 
of the inactive cylinder are always kept closed, the pres- 
sure within the inactive cylinder is reduced since gas 
contained in the combustion chamber 26 of the inactive 
cylinder slowly leaks into the crankcase through a slid- 
ing surface of the piston 18. As a result, a difference in 
the peak value of the cylinder pressure arises between 
the active cylinders and the inactive cylinders, resulting 
in increased vibration of the engine as compared with 
the case where the engine operates in a full operating 
mode (as opposed to the partial operating mode) with 
all of the four cylinders being activated. 
[0034] In the internal combustion engine of the first 
embodiment, on the other hand, the exhaust valve 44 
of each inactive cylinder is opened at an appropriate tim- 



ing, so as to avoid reduction in the pressure within the 
inactive cylinder, and suppress the vibration of the en- 
gine. 

[0035] Initially, some explanation will be made on 
5 changes in the pressure within each cylinder when the 
intake valve 42 and exhaust valve 44 of each inactive 
cylinder are kept closed under cylinder deactivation con- 
trol, and the resulting vibration of the engine, as com- 
pared with pressure changes and vibration that occur 
io when the engine is in a full operating mode with all of 
the cylinders being activated. 

[0036] Fig. 3 shows the opening and closing actions 
(A) of the exhaust valve 44 of cylinder #4, changes (B 
and C) in the pressures within cylinders #3 and #4, re- 
's spectively, and vibration waveform (D) of the engine 
when the engine is in a full operating mode with all cyl- 
inders being activated. Fig. 4 shows the case where the 
intake valve 42 and exhaust valve 44 of each deactivat- 
ed or inactive cylinder are kept closed during execution 
of the above-described cylinder deactivation control. 
[0037] While Fig. 3 and Fig. 4 show the pressures 
within the cylinders #3 and #4 as typical examples, the 
pressures within the cylinders #1 and #2 show substan- 
tially the same changes. The vibration waveform (D) of 
the engine as shown in Fig. 3 and Fig. 4 represents an 
output signal of an acceleration pickup that is mounted 
on the cylinder head 20 for measuring rolling vibration 
around the crankshaft, and the vertical axis indicates the 
acceleration. In Fig. 3 and Fig. 4, the horizontal axis in- 
dicates the crank angle of the engine, and is calibrated 
on the basis of the top dead center (TDC) and bottom 
dead center (BDC) of the piston 18 of the cylinder #4. 
[0038] As shown in Fig. 3, the pressure within the cyl- 
inder #3 (B) and the pressure within the cylinder #4 (C) 
increase up to their peak values in synchronization with 
combustion timing of each cylinder while the engine is 
operating in a full operating mode with all of the cylinders 
being activated. Furthermore, the respective peak val- 
ues are substantially equal to each other. In this case, 
the vibration of the engine can be suppressed to be rel- 
atively small, as is understood from the waveform (D) of 
Fig. 3. 

[0039] Where the intake valve 42 and exhaust valve 
44 of each inactive cylinder are kept closed during exe- 
cution of cylinder deactivation control, oh the other 
hand, the pressure within the inactive cylinder is re- 
duced because of leakage of gas from the combustion 
chamber 26 of the inactive cylinder into the crankcase. 
Accordingly, the pressure within the cylinder #4 as an 
inactive cylinder increases only by a small degree when 
the piston 18 almost reaches the top dead center, as 
shown in Fig. 4, and its peak value is considerably small. 
While the engine is operating in a partial operating mode 
with at least one of the cylinders being deactivated, each 
of the active cylinders is .required to generate a larger 
magnitude of torque than the torque generated by each 
cylinder in a full operating mode (with all of the cylinders 
activated), in order to provide the same output torque 
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as that obtained in the full operating mode. To this end, 
the peak value of the pressure (B) within the cylinder #3 
as an active cylinder is larger than the peak value that 
is achieved when the engine is in a full operating mode 
with all of the cylinders activated (Fig. 3). 
[0040] As described above, where the intake valve 42 
and exhaust valve 44 of each inactive cylinder are kept 
closed under cylinder deactivation control, the pressure 
within the inactive cylinder is reduced while the pressure 
within each active cylinder is increased, resulting in an 
increased difference in the cylinder pressure between 
the inactive cylinders and the active cylinders. With the 
four-cylinder engine taken as a whole, four peaks ap- 
pear in the cylinder pressures at intervals of 180 CA 
(crank angle) when the engine Is in a full operating mode 
with all of the cylinders activated, whereas two peaks 
larger than those in the full operating mode appear in 
the cylinder pressures at intervals of 360 CA when the 
engine is in a partial operating mode with part of the cyl- 
inders deactivated. Namely, larger peaks of the cylinder 
pressures appear at longer intervals during execution of 
cylinder deactivation control, as compared with the 
peaks appearing in the full operating mode of the en- 
gine. Consequently, the output torque of the engine var- 
ies to a greater extent, and the vibration (D in Fig. 4) of 
the engine during execution of cylinder deactivation 
control is increased as compared with the vibration (D 
in Fig. 3) that occur in the full engine operating mode 
with all cylinders activated. 

[0041 ] Fig. 5 is a time chart showing the opening and 
closing actions of the intake valve 42 and exhaust valve 
44 of each of the cylinders #1 through #4 when the en- 
gine of the first embodiment shifts from a full operating 
mode with all of the cylinders activated, to a partial op- 
erating mode with part of the cylinders deactivated. In 
Fig. 5 and similar time charts as shown later, "IN" and 
"EX" represent the intake valve 42 and the exhaust 
valve 44, respectively. The horizontal axis indicates the 
crank angle of the engine, and is calibrated based on 
the top dead center (TDC) and bottom dead center 
(BDC) of the piston 1 B of each cylinder, and the top row 
in the figure indicates the number of the cylinder in which 
combustion and expansion takes place. Fig. 6 shows 
changes in the pressures within the cylinders #3 and #4 
and the vibration of the engine when the intake valve 42 
and the exhaust valve 44 of each inactive cylinder are 
opened and closed according to the time charts of Fig. 5. 
[0042] In the first embodiment, ignition is inhibited in 
the cylinder #1 and cylinder #4 as inactive cylinders dur- 
ing execution of cylinder deactivation control, and the 
exhaust valve 44 is opened for a certain period of time 
that starts ahead of the bottom dead center (BDC), as 
indicated by hatched areas in Fig. 5. During the opera- 
tion of the engine, the exhaust passage 90 is filled with 
exhaust gas whose pressure is substantially equal to the 
atmospheric pressure. If the exhaust valve 44 is 
opened, therefore, the exhaust gas is reintroduced from 
the exhaust passage 90 into the combustion chamber 



26, so that the pressure within the inactive cylinder in- 
creases to be substantially equal to the atmospheric 
pressure. If the exhaust valve 44 is then closed in the 
course of displacement of the piston 18 toward the top 
s dead center, the exhaust gas that has been reintroduced 
into the combustion chamber 26 is compressed. Thus, 
the pressure within the cylinder #4 as an inactive cylin- 
der is increased after the exhaust valve 44 is closed, as 
shown in Fig. 6, so that a difference between the pres- 
w sure within the cylinder #3 and that within the cylinder 
#4 is reduced. Consequently, the vibration (as repre- 
sented by waveform D in Fig. 6) of the engine is sup- 
pressed or reduced as compared with the case of the 
cylinder deactivation control as shown in Fig. 4. 
is [0043] In this connection, the pressure of the inactive 
cylinder may exceed the atmospheric pressure at 
around the top dead center location. Even if the exhaust 
valve 44 is opened in this state, exhaust gas cannot be 
reintroduced from the exhaust passage 90 into the com- 
20 bustion chamber 26. Accordingly, the valve-opening 
timing of the exhaust valve 44 associated with the inac- 
tive cylinder is set to a point of time when the piston 1 8 
moves from the top dead center toward the bottom dead 
center until the cylinder pressure becomes equal to or 
25 smaller than the atmospheric pressure. 

[0044] The peak value of the pressure within the in- 
active cylinder depends upon the timing in which the ex- 
haust valve 44 is closed. Namely, as the valve-closing 
timing of the exhaust valve 44 is closer to the bottom 
30 dead center, the peak value of the cylinder pressure is 
increased because of a large compression ratio of the 
reintroduced exhaust gas. The valve-closing timing of 
the exhaust valve 44 is determined depending upon the 
engine load, so that a change in the acceleration of the 
35 engine vibration due to the pressure within the inactive 
cylinder approximately coincides with a change in the 
acceleration of the engine vibration due to the pressure 
within the active cylinder. 

[0045] A control routine to be executed by the ECU 
40 1 o in the first embodiment will be now explained. 

[0046] Fig. 7 is a flowchart of a cylinder deactivation 
control routine to be executed by the ECU 10 in the first 
embodiment. This routine is started in a repeated man- 
ner. 

45 [0047] Once the first routine is started, step 1 00 is in- 
itially executed. In step 100, the presence of a request 
for start of cylinder deactivation control is determined, 
namely, whether cylinder deactivation control is re- 
quested to be started or not is determined. If no request 
so for start of cylinder deactivation control is generated, 
namely, if a negative decision (NO) is obtained in step 
100, the current cycle of the control routine is terminat- 
ed. If a request for start of cylinder deactivation control 
is generated, namely, if an affirmative decision (YES) is 
55 obtained in step 1 00, step 102 is then executed. 

[0048] In step 102, an operation for inhibiting fuel in- 
jection and ignition in the cylinder #1 and cylinder #4 is 
performed. 



25 



30 



35 



40 



45 



50 



6 



11 



EP 1 054 148 B1 



12 



[0049] In step 104, the intake valves 42 and exhaust 
valves 44 of the cylinder #1 and cylinder #4 are closed. 
This valve-closing operation is performed at a point of 
time when the combustion stroke and exhaust stroke 
are finished. 

[0050] In step 1 06, a peak value P MAX of the pressure 
within the active cylinders is estimated. The pressure 
within the active cylinders is substantially proportional 
to the load of the engine. In this step 1 06, therefore, the 
peak value P MAX is estimated based upon the specific 
volume of intake air. Here, the peak value of the 
cylinder pressure may be directly detected by a cylinder 
pressure sensor that is provided in the cylinder #2 or 
cylinder #3 as an active cylinder. 
[0051] In step 108, the valve-closing timing T close of 
the exhaust valves 44 of the inactive cylinders is deter- 
mined based on the peak value P MAX of the pressure 
within the active cylinders. 

[0052] Step 110 is then executed to determine 
whether the current point of time Is the valve-opening 
timing T open of the exhaust valves 44 of the inactive 
cylinders or not. As described above, the valve-opening 
timing T open is set in advance to a point of time at which 
the pressure within the inactive cylinders falls below the 
atmospheric pressure. If the current point of time is the 
valve-opening timing T open , namely, if an affirmative 
decision (YES) is obtained in step 110, step 112 is 
executed to open the exhaust valves 44 of the cylinder 
#1 and cylinder #4, and step 1 1 4 is then executed, if the 
current point of time Is not the valve-opening timing 
T open , namely, if a negative decision (NO) is obtained in 
step S110, on the other hand, step 116 is executed. 
[0053] In step 11 6, it is determined whether the cur- 
rent point of time is the valve-closing timing T ck)se of the 
exhaust valves 44 of the cylinder #1 and cylinder #4. If 
the current point of time is the valve-closing timing 
Tcio$e« namely, if an affirmative decision (YES) is ob- 
tained in step 116, step 1 1 8 is executed to close the ex- 
haust valves 44 of the cylinder #1 and cylinder #4, and 
step 114 is then executed. If the current point of time is 
not the valve-closing timing T close , namely, if a negative 
decision (NO) is obtained in step S116, step 114 is im- 
mediately executed. 

[0054] In step 1 1 4, the presence of a request for ter- 
mination of cylinder deactivation control is determined, 
namely, whether cylinder deactivation control is re- 
quested to be terminated or not is determined. If no re- 
quest for termination is generated, namely, a negative 
decision (NO) is obtained in step 114, the control flow 
returns to step 106. If a request for termination is gen- 
erated, namely, if an affirmative decision (YES) is ob- 
tained in step 114, step 120 is executed to perform an 
operation to cancel inhibition of fuel injection and igni- 
tion of the cylinder #1 and cylinder #4, and then the cur- 
rent cycle of the routine is terminated. 
[0055] As described above, in the internal combustion 
engine of the first embodiment, the exhaust valves 44 
of the inactive cylinders are opened during cylinder de- 



activation control, thereby to increase the pressure with- 
in the inactive cylinders. During cylinder deactivation 
control, therefore, a difference between the pressure 
within the inactive cylinders and the pressure within the 
5 active cylinders can be reduced, and vibration of the en- 
gine can be suppressed. 

[0056] In the above description of the first embodi- 
ment, the exhaust valve 44 associated with each of the 
cylinder #1 and cylinder #4 as inactive cylinders is 
10 opened only once during a single reciprocating motion 
of the piston 1 8. It is, however, unnecessary to open the 
exhaust valve 44 upon every reciprocation of the piston 
18 since the pressure within the inactive cylinders is not 
immediately reduced after these cylinders are deactivat- 
es ed or disabled. For instance, the exhaust valves 44 as- 
sociated with the cylinder #1 and cylinder #4 may be 
alternately opened each time the piston 1 8 reciprocates, 
as shown in Fig. 8. It is also possible to open the exhaust 
valve 44 each time the piston 18 reciprocates several 
20 times. 

[0057] It may also be proposed to open the intake 
valve 42 so as to introduce new air into the combustion 
chamber 26. If the new air is introduced by suction into 
the combustion chamber 26 of an inactive cylinder, how- 

25 ever, the new air is discharged directly into the exhaust 
passage 90 when the operation of the inactive cylinder 
is restarted. As a result, the air/fuel ratio measured in 
the exhaust passage 90 may be changed to the lean 
side, which may result in deterioration of the perform- 

30 ance of catalyst for purifying exhaust gas. Also, where 
the new air is introduced into the combustion chamber 
26 of the inactive cylinder, the interior of the cylinder is 
cooled, which may prevent the inactive cylinder from 
smoothly restarting its operation when it is activated 

35 again. In the first embodiment, since the exhaust valve 
44 is opened so that burnt gas is re-introduced into the 
combustion chamber 26, the burnt gas is discharged 
again into the exhaust passage 90 when the operation 
of the inactive cylinder is restarted, thus causing no in- 

40 fluence on the air/fuel ratio in the exhaust passage 90. 
Also, since high-temperature burnt gas is introduced in- 
to the combustion chamber 26, the inactive cylinder is 
prevented from being cooled. Thus, the first embodi- 
ment makes it possible to suppress vibration of the en- 

45 gjne during cylinder deactivation control, while avoiding 
problems that would otherwise occur upon restart of the 
operations of the inactive cylinders after termination of 
cylinder deactivation control. 

[0058] Next, a second embodiment of the invention 
so will be described. While the construction of the internal 
combustion engine of the second embodiment is similar 
to that of the first embodiment, the second embodiment 
is different from the first embodiment in that the cylinders 
of the engine are successively selected as deactivated 
55 or inactive cylinders, namely, the cylinders are succes- 
sively deactivated under cylinder deactivation control. 
[0059] To successively deactivate or disable all of the 
cylinders under cylinder deactivation control, the engine 
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may perform six-stroke cycle operations (six-stroke cy- 
cle cylinder deactivation control). The second embodi- 
ment is adapted to suppress vibration of the engine dur- 
ing execution of the six-stroke cycle cylinder deactiva- 
tion control. 

[0060] Initially, the operation of the engine under six- 
stroke cycle cylinder deactivation control will be de- 
scribed. 

[0061 ] Fig. 9 is a time chart showing the opening and 
closing actions of the intake valves 42 and exhaust 
valves 44 of the cylinder #1 through cylinder #4, where 
the intake valve 42 and exhaust valve 44 associated 
with each cylinder are kept closed during the time in 
which the piston 18 reciprocates once from the bottom 
dead center at which the combustion stroke ends to the 
next bottom dead center so that the four cylinders are 
successively deactivated or disabled. 
[0062] In the cylinder #1 as shown in Fig. 9, for exam- 
pie, the intake stroke and the compression stroke take 
place in the periods T1 and T2, respectively, and the 
combustion stroke takes place in the following period 
T3. The intake valve 42 and exhaust valve 44 are kept 
closed in the periods T4 and T5 subsequent to the pe- 
riod T3, so that the cylinder # 1 is deactivated. While the 
piston 1 8 moves toward the top dead center and the bot- 
tom dead center during the inactive periods T4 and T5, 
gas contained in the combustion chamber 26 is com- 
pressed and expanded while being disconnected or 
shut off from the intake port 22 and the exhaust port 24. 
After the exhaust stroke takes place with the exhaust 
valve 44 opened in the period T6, the intake stroke, com- 
pression stroke, combustion stroke, inactive compres- 
sion stroke, inactive expansion stroke, and exhaust 
stroke are effected again. Similar operations are per- 
formed in the cylinders #2 through #4, as shown in Figs. 
9B - 9D. Thus, under six-stroke cycle cylinder deactiva- 
tion control, the engine operates on the six-stroke cycle 
consisting of the intake, compression, combustion, in- 
active compression, inactive expansion, and exhaust 
strokes, and the cylinder #1, cylinder #3, cylinder #2, 
and cylinder #4 are successively selected as an inactive 
cylinder in this order, i.e., in the order in which combus- 
tion takes place. 

[0063] It will be understood from Fig. 9 that combus- 
tion in the #3 cylinder is delayed 180 CA (crank angle) 
relative to that in the cylinder #1 , and combustion in the 
cylinder #2 is delayed 360 CA relative to that in the cyl- 
inder #3. Also, combustion in the cylinder #4 is delayed 
180 CA relative to that in the #2 cylinder, and the com- 
bustion in the cylinder #1 is delayed 360 relative to that 
in the cylinder #4. In comparison with a normal engine 
operation In which combustion successively occurs in 
the four cylinders at intervals of 180 CA f the engine op- 
eration as shown in Fig. 9 is characterized in that a 
pause exists between combustion in the cylinder #3 and 
that in the cylinder #2, and between combustion in the 
cylinder #4 and that in the cylinder #1 while combustion 
successively takes place in the order of #1 cylinder -> 



#3 cylinder -> #2 cylinder -> #4 cylinder. 
[0064] Fig. 1 0A shows changes in the pressures with- 
in the cylinders #1 through #4 over the six-stroke cycle, 
as indicated by a solid line, one-dot chain line, two-dot 
5 chain line, and a broken line, respectively, where the en- 
gine operates according to the time chart of Fig. 9. Fig. 
10B shows changes in the sum of the pressures within 
all of the cylinders (cylinders #1 through #4) (which will 
be called "composite cylinder pressure"). 
10 [0065] As described above with respect to the first 
embodiment, gas leaks little by little from the combus- 
tion chamber 26 of the inactive cylinder toward the 
crankcase. Where each cylinder is deactivated immedi- 
ately after the combustion stroke under the above six- 
's stroke cycle cylinder deactivation control, for example, 
almost all the burnt gas remains in the combustion 
chamber 26 of the currently deactivated cylinder without 
leaking. In this case, if the piston 18 moves toward the 
top dead center in the currently deactivated cylinder, the 
burnt gas is compressed, whereby the cylinder pressure 
increases to substantially the same level as that 
achieved at the time of combustion when the piston 18 
reaches the top dead center. As shown in Fig. 10A, 
therefore, the pressure within each cylinder reaches its 
maximum level at the top dead center at which the com- 
bustion stroke begins, and the following top dead center. 
Namely, two peaks per six-stroke cycle appear in the 
pressure within each cylinder. 

[0066] As is understood from Fig. 9, combustion oc- 
curs in the cylinder #2 when the piston of the cylinder 
#3 as a currently deactivated cylinder is located close 
to the top dead center. As is also understood from Fig. 
9, combustion occurs in the cylinder #1 when the piston 
of the cylinder #4 as a currently deactivated cylinder is 
located close to the top dead center. Thus, a peak of the 
cylinder pressure resulting from the combustion in the 
cylinder #2 and a peak of the cylinder pressure resulting 
from compression of gas in the cylinder #3 as a currently 
deactivated cylinder appear at almost the same time at 
around time M t1 " in Fig. 1 0A. Similarly, a peak of the cyl- 
inder pressure resulting from the combustion in the cyl- 
inder #1 and a peak of the cylinder pressure resulting 
from compression of gas in the cylinder #4 as a currently 
deactivated cylinder appear at almost the same time at 
around time "t4" in Fig. 1 0A. On the other hand, a single 
peak of the cylinder pressure appears at around time 
12", rt t3", '15 M and n t6", which peak results from the com- 
bustion in the cylinder #4 as an active cylinder, compres- 
sion of gas in the cylinder #2 as an inactive cylinder, 
combustion in the cylinder #3 as an active cylinder, and 
compression of gas in the cylinder #1 as an inactive cyl- 
inder, respectively. As shown in Fig. 10B, therefore, the 
peak value of the composite cylinder pressure at around 
time "t1 B and "t4" at which the pressures within two cyl- 
inders increase at almost the same time differs from the 
peak value of the composite cylinder pressure at around 
time n t2 u , tt t3 tt , tt t5 M and "t6" at which the pressure within 
only one cylinder increases. Consequently, the vibration 
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of the engine is Increased. 

[0067] In the internal combustion engine of the sec- 
ond embodiment, where the piston of the currently de- 
activated cylinder reaches the top dead center at the 
same time that combustion takes place in another cyl- 
inder, the exhaust valve 44 associated with the deacti- 
vated cylinder is opened so as to avoid an increase in 
the pressure within the deactivated cylinder, thereby to 
suppress vibration of the engine. 
[0068] Fig. 1 1 is a time chart showing opening and 
closing actions of the intake valves 42 and exhaust 
valves 44 of the cylinders #1 through #4 in the second 
embodiment. In the cylinder #3 and cylinder #4, the ex- 
haust valve 44 is opened during a rest period or inactive 
period after completion of each combustion stroke, as 
indicated by hatched areas in Fig. 11. 
[0069] Fig. 1 2A shows changes in the pressure within 
each cylinder where the engine operates according to 
the time chart of Fig. 11 . Fig. 12B shows changes in the 
composite cylinder pressure. The exhaust valve 44 as- 
sociated with a currently deactivated cylinder is opened 
during the time in which the cylinder #3 and cylinder #4 
are deactivated, and therefore the relevant cylinder 
pressure does not increase even if the piston 1 8 moves 
toward the top dead center Thus, the pressure within 
the cylinder #3 that is being deactivated is kept at a rel- 
atively low level when the pressure within the cylinder 
#2 increases due to combustion in the cylinder #2 at 
around time "t1", as shown in Fig, 12A. Similarly, the 
pressure within the currently deactivated cylinder #4 Is 
kept at a relatively low level when the pressure within 
the cylinder #1 increases due to combustion in the cyl- 
inder #1 at around time 14 M . In other words, a peak of 
the pressure within each cylinder appears alone or sep- 
arately. Consequently, a peak value of the composite 
cylinder pressure of the engine is kept generally con- 
stant, and the vibration of the engine can be sup- 
pressed. 

[0070] In the second embodiment, the exhaust valve 
44 of the currently deactivated cylinder is opened when 
the piston of the deactivated cylinder reaches the top 
dead center at the same time that combustion occurs in 
another cylinder, under six-stroke cycle cylinder deacti- 
vation control. With this arrangement, an increase in the 
cylinder pressure due to combustion in an active cylin- 
der and an increase in the pressure within a currently 
deactivated cylinder do not take place at the same time, 
it is thus possible to suppress vibration of the engine 
during execution of six-stroke cycle cylinder deactiva- 
tion control. 

[0071 ] In the case where particular cylinders are se- 
lected or predetermined as inactive cylinders, the inac- 
tive cylinders suffer from reduction in the temperature 
and a lack of lubricating oil, and may not be re-activated 
smoothly. According to the six-stroke cycle cylinder de- 
activation control, on the other hand, all of the cylinders 
are successively caused to operate as an inactive or de- 
activated cylinder, and are therefore free from the 



above-described problems. 

[0072] In the second embodiment, the ECU 1 0 caus- 
es the exhaust valves 44 associated with the cylinder 
#1 and cylinder #4 to be opened in such timing as indi- 
5 cated in Fig. 11 , thereby to control the pressures within 
the inactive cylinders. 

[0073] While the exhaust valve 44 associated with the 
cylinder #3 or cylinder #4 is caused to open over the 
entire inactive period of the relevant cylinder as shown 
10 in the time charts of Fig. 11 , the valve opening/closing 
timing of the exhaust valve 44 of the inactive cylinder is 
preferably determined experimentally, so that the vibra- 
tion of the engine can be minimized. 
[0074] It may be proposed to open the intake valve 42 
is as means for reducing the pressure within the deacti- 
vated cylinder. If the intake valve 42 is opened, however, 
burnt gas in the inactive or deactivated cylinder flows 
into active cylinders through the intake pipe 84, and ad- 
versely affects the operation of the active cylinders. The 
second embodiment is free from such a problem since 
the pressure within the inactive cylinder is reduced by 
opening the exhaust valve 44 rather than the intake 
valve 42. 

[0075] In the illustrated embodiment, the engine con- 
troller (ECU 10) is implemented as a programmed gen- 
eral purpose computer It will be appreciated by those 
skilled in the art that the controller can be implemented 
using a single special purpose integrated circuit (e.g., 
ASIC) having a main or central processor section for 
overall, system-level control, and separate sections 
dedicated to performing various different specific com- 
putations, functions and other processes under control 
of the central processor section. The controller also can 
be a plurality of separate dedicated or programmable 
integrated or other electronic circuits or devices (e.g., 
hardwired electronic or logic circuits such as discrete el- 
ement circuits, or programmable logic devices such as 
PLDs, PLAs, PALs or the like). The controller can be 
implemented using a suitably programmed general pur- 
pose computer, e.g., a microprocessor, microcontroller 
or other processor device (CPU or MPU), either alone 
or in conjunction with one or more peripheral (e.g., inte- 
grated circuit) data and signal processing devices. In 
general, any device or assembly of devices on which a 
finite state machine capable of implementing the proce- 
dures described herein and In the flowchart shown in 
Fig. 7 can be used as the controller. A distributed 
processing architecture can be used for maximum data/ 
signal processing capability and speed. 



Claims 

1. An internal combustion engine having 

a plurality of cylinders (14); 

at least one intake valve (38, 42) and at least 
one exhaust valve (40, 44) associated with each of 
said plurality of cylinders; 
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control means (10) for operating at least one 
of the plurality of cylinders (1 4) as an inactive cylin- 
der in a cylinder deactivation mode in which an in- 
take stroke, a combustion stroke, and an exhaust 
stroke are inhibited and that controls a pressure 
within the inactive cylinder that, is operated in the 
cylinder deactivation mode; 

wherein the control means (10) operates at 
least one inactive cylinder pre-selected from the 
plurality of cylinders in the cylinder deactivation 
mode and increases the pressure within the inactive 
cylinder, 

characterized in that 

the intake valve (38, 42) and the exhaust 
valve (40, 44) are solenoid-operated valves; and 

the control means (1 0) increases the pressure 
within the inactive cylinder based on a pressure 
within a cylinder other than the inactive cylinder. 

2. An internal combustion engine according to claim 
1 , wherein the control means (10) controls the pres- 
sure within the inactive cylinder by opening and 
closing the exhaust valve (40, 44) associated with 
the inactive cylinder. 

3. An internal combustion engine according to claim 1 
or claim 2, wherein in the case where combustion 
takes place in any one of activated cylinders when 
a piston of the currently deactivated cylinder is at a 
top dead center, the control means reduces the 
pressure within the deactivated cylinder in the inter- 
nal combustion engine in which the deactivated cyl- 
inder is changed in order. 

4. An internal combustion engine according to claim 3, 
wherein the engine operates on a six-stroke cycle 
in the cylinder deactivation mode. 

5. An internal combustion engine according to any one 
of the preceding claims, 

characterized in that 

the control means (10) determines a valve- 
closing timing of the exhaust valve (40, 44) depend- 
ing upon an engine ioad, so that a change in an ac- 
celeration of an engine vibration due to the pressure 
within the inactive cylinder approximately coincides 
with a change in an acceleration of the engine vi- 
bration due to the pressure within the cylinder other 
than the inactive cylinder. 

6. A control method of an internal combustion engine 
including a plurality of cylinders (14) and at least 
one intake valve and at least one exhaust valve, the 
method comprises 

operating at least one of the plurality of cylin- 
ders (14) as an inactive cylinder in a cylinder deac- 
tivation mode in which an intake stroke, a combus- 
tion stroke, and an exhaust stroke are inhibited; 



controlling a pressure within the inactive cyl- 
inder that is operated in the cylinder deactivation 
mode; 

controlling at least one inactive cylinder pre- 
5 selected from the plurality of cylinders in the cylin- 
der deactivation mode; and 

increasing the pressure within the inactive cyl- 
inder, 

characterized in that 

10 the pressure within the inactive cylinder is in- 

creased based on a pressure within a cylinder other 
than the inactive cylinder; and 

said intake and exhaust valves are solenoid- 
operated. 

15 

7. A control method according to claim 6, wherein the 
pressure within the inactive cylinder is controlled by 
opening and closing the exhaust valve of the inac- 
tive cylinder. 

20 

8. A control method according to claim 6 or claim 7, 
characterized by further comprising: 

reducing the pressure within the deactivated 
25 cylinder in the internal combustion engine in 

which the deactivated cylinder is changed in or- 
der, in the case where combustion takes place 
in any one of activated cylinders when a piston 
of the currently deactivated cylinder is at a top 
& dead center. 

9. A control method according to claim 8, wherein the 
internal combustion engine operates on a six-stroke 
cycle in the cylinder deactivation mode. 

35 

10. A control method according to any one of claims 6 
to 9, characterized by determining a valve-closing 
timing of the exhaust valve (40, 44) depending upon 
an engine load, so that a change in an acceleration 

40 of an engine vibration due to the pressure within the 
inactive cylinder approximately coincides with a 
change in an acceleration of the engine vibration 
due to the pressure within the cylinder other than 
the inactive cylinder. 



PatentansprQche 

1 . Brennkraftmaschine mit: 

50 

einer Vielzahl von Zylindern (14); 
zumindest einem Einlassventil (38, 42) und zu- 
mindest einem Auslassventil (40, 44), die zu je- 
dem der Vielzahl von Zylindern zugehorig sind; 
55 Steuereinrichtungen (10) zum Betreiben zu- 

mindest eines der Vielzahl von Zylindern (14) 
als einen inaktiven Zylinder in einem Zylinder- 
deaktivierungsmodus, in dem ein Einlasstakt, 
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.ein Verbrennungstakt und ein Auslasstakt ver- 
hindert werden und die einen Druck innerhalb 
des inaktiven Zylinders steuern, der in dem Zy- 
linderdeaktivierungsmodus betrieben wird; 

wobei die Steuereinrichtungen (10) zumin- 
dest einen aus der Vielzahl von Zylindern in dem 
Zylinderdeaktivierungsmodus vorausgewahlten in- 
aktiven Zylinder betreibt und den Druck innerhalb 
des inaktiven Zylinders erhdht, 

dadurch gekennzeichnet, dass 
das Einlassventil (38, 42) und das Aus- 
lassventil (40, 44) solenoidbetriebene Ventile sind; 
und 

die Steuereinrichtungen (1 0) den Druck inner- 
halb des inaktiven Zylinders auf der Grundlage ei- . 
nes Drucks innerhalb eines anderen Zylinders, der 
nicht der inaktiven Zylinder ist, erhoht. 

2. Brennkraftmaschine gemaB Anspruch 1 , wobei die 
Steuereinrichtungen (10) den Druck innerhalb des 
inaktiven Zylinders durch Off nen und SchlieBen des 
zu dem inaktiven Zylinder zugehorigen Aus- 
lassventils (40, 44) steuert. 

3. Brennkraftmaschine gemaB Anspruch 1 oder An- 
spruch 2, wobei in dem Fall, in dem Verbrennung in 
irgendeinem der aktivierten Zylinder stattfindet, 
wenn sich ein Koiben des gegenwSrtig deaktivier- 
ten Zylinders an einem oberen Totpunkt befindet, 
die Steuereinrichtungen den Druck innerhalb des 
deaktivierten Zylinders in der Brennkraftmaschine 
verringert, in der der deaktivierte Zylinder in Rei- 
henfolge geandert wird, 

4. Brennkraftmaschine gemaB Anspruch 3, wobei die 
Kraftmaschine bei einem Sechstaktdurchlauf in 
dem Zylinderdeaktivierungsmodus arbeitet. 

5. Brennkraftmaschine gemaB einem der vorstehen- 
den Anspruche, 

dadurch gekennzeichnet, dass 
die Steuereinrichtung (10) eine Ventilver- 
schlusszeitgebung des Auslassventils (40, 44) in 
Abhangigkeit von einer Kraftmaschinenlast be- 
stimmt, so dass eine Anderung in eine Beschleuni- 
gung einer Kraftmaschinenvibration auf Grund des 
Drucks innerhalb des inaktiven Zylinders anna- 
hemd mit einer Anderung in einer Beschleunigung 
der Kraftmaschinenvibration auf Grund des Drucks 
innerhalb des Zylinders, der nicht der inaktive Zy- 
linder ist, ubereinstimmt. 

6. Steuerverfahren einer Brennkraftmaschine mit ei- 
ner Vielzahl von Zylindern (14) und zumindest ei- 
nem Einlassventil und zumindest einem Aus- 
lassventil, wobei das Verfahren fotgendes aufweist: 
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Betreiben von zumindest einem der Vielzahl 
von Zylindern (14) als einen inaktiven Zylinder 
in einem Zylinderdeaktivierungsmodus, in dem 
ein Einlasstakt, ein Verbrennungstakt und ein 
Auslasstakt verhindert sind; 
Steuern eines Drucks innerhalb des inaktiven 
Zylinders, der in dem Zylinderdeaktivierungs- 
modus betrieben wird; 

Steuern von zumindest einem inaktiven Zylin- 
der, der aus der Vielzahl von Zylindern in dem 
Zylinderdeaktivierungsmodus vorausgewahft 
ist; und 

Erhohen des Drucks innerhalb des inaktiven 
Zylinders, 

dadurch gekennzeichnet, dass 

der Druck innerhalb des inaktiven Zylinders 
auf Grundlage eines Drucks innerhalb eines Zylin- 
ders, der nicht der inaktive Zylinder ist, erhoht wird; 
und 

die Einlass- und Auslassventile solenoidbe- 
trieben sind. 

Steuerverfahren gemaB Anspruch 6, wobei der 
Druck innerhalb des inaktiven Zylinders durch Off- 
nen und SchlieBen des Auslassventils des inakti- 
ven Zylinders gesteuert wird. 

Steuerverfahren gemaB Anspruch 6 oder 7, da- 
durch gekennzeichnet, dass es weiterhin folgen- 
des aufweist: 

Verringern des Drucks innerhalb des deakti- 
vierten Zylinders in der Brennkraftmaschine, in 
welcher der deaktivierte Zylinder in Reihenfol- 
ge geandert wird, in dem Fall, in dem Verbren- 
nung in irgendeinem der aktiven Zylinder statt- 
findet, wenn sich ein Koiben des gegenwartig 
deaktivierten Zylinders an einem oberen Tot- 
punkt befindet. 

Steuerverfahren gemaB Anspruch 8, wobei die 
Brennkraftmaschine bei einem Sechstaktdurchlauf 
in dem Zylinderdeaktivierungsmodus arbeitet. 



10. Steuerverfahren gemaB einem der Anspruche 6 bis 
9, gekennzeichnet durch Bestimmen einer Ventil- 
verschlusszeitgebung des Auslassventils (40, 44) 
in Abhangigkeit von einer Kraftmaschinenlast, so 
dass eine Anderung in einer Beschleunigung einer 
Kraftmaschinenvibration auf Grund des Drucks in- 
nerhalb des inaktiven Zylinders annahernd mit ei- 
ner Anderung in einer Beschleunigung der Kraftma- 
schinenvibration auf Grund des Drucks innerhalb 
des Zylinders, der nicht der inaktive Zylinder ist, 
ubereinstimmt. 
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Revendications 

1 . Moteur a combustion interne comportant 

une plurality de cylindres (14), 

au moins une soupape d'admission (38, 42) 
et au moins une soupape d'echappement (40, 44) 
associees a chacun de ladite pluralite de cylindres, 

un moyen de commande (1 0) destine a mettre 
en oeuvre au moins Tun de la pluralite de cylindres 
(14) en tant que cylindre inactif dans un mode de 
deactivation de cylindre dans tequel une course 
d'admission, une course motrice, et une course 
d'echappement sont emp£ch6es, et qui commande 
une pression a I'interieur du cylindre inactif qui est 
mis en oeuvre dans ie mode de deactivation de 
cylindre, 

dans lequel le moyen de commande (1 0) met 
en oeuvre au moins un cylindre inactif preselection- 
ne a partir de la pluralite de cylindres dans le mode, 
de deactivation de cylindre et augmente la pres- 
sion a I'int^rieur du cylindre inactif, 

caracterise en ce que 

la soupape d'admission (38, 42) et la soupape 
d'echappement (40, 44) sont des soupapes electro- 
magnetiques, et 

le moyen de commande (10) augmente la 
pression a rinterieur du cylindre inactif sur la base 
d'une pression a rinterieur d'un cylindre autre que 
le cylindre inactif. 

2. Moteur a combustion interne selon la revendication 

1. 

dans lequel le moyen de commande (10) 
commande la pression a rinterieur du cylindre inac- 
tif en ouvrant et en fermant la soupape d'echappe- 
ment (40, 44) associ6e au cylindre inactif. 

3. Moteur a combustion interne selon la revendication 
1 ou la revendication 2, dans lequel dans le cas oil 
la combustion a lieu dans run quefconque des cy- 
lindres active lorsqu'un piston du cylindre actuel- 
lement deactive se trouve au point mort haut, le 
moyen de commande reduit la pression a rinterieur 
du cylindre deactive dans le moteur a combustion 
interne ou le cylindre deactive est modifie par or- 
dre. 

4. Moteur a combustion interne selon la revendication 
3, dans lequel le moteur fonctionne sur un cycle a 
six temps dans le mode de deactivation de cylin- 
dre. 

5. Moteur a combustion interne selon I'une quelcon- 
que des revendications precedentes, 

caracterise en ce que 

le moyen de commande (10) determine une 
synchronisation de ferrheture de soupape de la 
soupape d'echappement (40, 44) en fonction d'une 



charge du moteur, de sorte qu'une variation d'une 
acceleration d'une vibration de moteur due a la 
pression a I'interieurdu cylindre inactif coincide ap- 
proximativement a une variation d'une acceleration 
de la vibration de moteur due a la pression a rinte- 
rieur du cylindre autre que le cylindre inactif. 

6. Proc6d6 de commande d'un moteur a combustion 
interne comprenant une pluralite de cylindres (14) 
et au moins une soupape d'admission et au moins 
une soupape d'echappement, le proc6d6 comprend 

la mise en oeuvre d'au moins i'un de la plura- 
lite de cylindres (14) en tant que cylindre inactif 
dans un mode de desactivation de cylindre dans le- 
quel une course d'admission, une course motrice et 
une course d'echappement sont empech6es, 

la commande d'une pression a rinterieur du 
cylindre inactif qui est mis en oeuvre dans le mode 
de desactivation de cylindre, 

la commande d'au moins un cylindre inactif 
pr6seiectionn6 a partir de la pluralite de cylindres 
dans le mode de desactivation de cylindre, et 

('augmentation de la pression a rinterieur du 
cylindre inactif 

caracterise en ce que 

la pression a rinterieur du cylindre inactif est 
augmentee sur la base d'une pression a rinterieur 
d'un cylindre autre que le cylindre inactif, et 

lesdites soupapes d'admission et d'echappe- 
ment sont des soupapes 6lectromagn6tiques. 

7. Proc6d6 de commande selon la revendication 6, 
dans lequel la pression a I'interieurdu cylindre inac- 
tif est command6e par I'ouverture et la fermeture de 
la soupape d'echappement du cylindre inactif. 

8. Proc6d6 de commande selon la revendication 6 ou 
la revendication 7, caracterise en outre parce qu'il 
comprend : 

la reduction de la pression a rinterieur du cylin- 
dre d6sactiv6 dans le moteur a combustion in- 
terne ou le cylindre d6sactiv£ est modifie par 
ordre, dans le cas ou la combustion a lieu dans 
I'un quelconque des cylindres actives lorsqu'un 
piston du cylindre actuellement deactive se 
trouve au point mort haut. 

9. Proc6d6 de commande selon la revendication 8, 
dans lequel le moteur a combustion interne fonc- 
tionne sur un cycle a six temps dans le mode de 
desactivation de cylindre. 

1 0. Procede de commande selon I'une quelconque des 
revendications 6 a 9, caracterise par la determina- 
tion d'une synchronisation de fermeture de soupa- 
pe de la soupape d'echappement (40, 44) en fonc- 
tion d'une charge de moteur, de sorte qu'une varia- 



25 



40 



45 



12 



23 



EP 1 054 148 B1 



tion d'une acceleration d'une vibration de moteur 
due a la pression a I'interieur du cylindre inactif 
coincide approximativement avec une variation 
d'une acceleration de la vibration de moteur due a 
la pression a I'interieur du cylindre autre que le cy- 5 
lindre inactif. 
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FIG. 2 
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FIG. 3 
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FIG. 6 
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FIG.7 
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